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SYSTEM FOR FLUID RETENTION MANAGEMENT 

BACKGROUND OF THE INVENTION 
The present invention is related to medical devices and, nnore 
5 particularly, to medical devices for monitoring fluid retention levels in a patient during 
a medical procedure. 

Fluid management is crucial in many medical procedures. Oftentimes, a 
patient is exposed to relatively large volumes of saline or other perfusion fluids. In 
some procedures, fluid is introduced into a patient's body to flush out impurities (e.g., 
10 dialysis). In other procedures, fluid is introduced into a patient's body to act as a 

distending medium. During these procedures, excessive fluid retention by the patient 
may be dangerous and even fatal. 
% As an example, electrosurgical procedures such as hysteroscopic 

IB endometrial resection and transurethral resection of the prostate require the use of a 
fll 15 non-conductive irriqant fluid as a distending medium. Excessive absorption of the 
15? irriqant fluid by the patient can be detrimental so it is important for the operating room 
13 staff to keep track of how much fluid has been absorbed by the patient. 
P In order to monitor fluid levels, many irriqant bags are prefilled by the 

fl manufacturer or include fluid level markings. The operating room staff may attempt to 
|3 2 0 keep a running estimate of how much fluid has been absorbed by the patient 
|T according to the difference between the volume of fluid in and the volume of fluid out. 
However, in addition to the possible human error, the irriqant bags routinely do not 
provide an accurate volume measurement as the manufacturer may overfill the 
irrigant bag or the fluid level markings on the bag are not appropriate for precise 
25 measurement. Therefore, this method of measuring patient fluid level retention is 
inaccurate and results in low physician confidence. 

Other known fluid retention management systems are based an 
measuring the rate of fluid flowing into the patient and the rate of fluid flowing out of 
the patient. However, small errors in the measured rate can produce large errors in 
3 0 the total fluid retention over time. Therefore, this approach does not provide an 
accurate measurement of fluid retention of a patient. 
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During certain endoscopic surgeries, especially therapeutic 
hysteroscopic or urologic procedures, considerable volumes of irrigation fluid must 
be infused into and recovered from a patient in order to ensure good visibility and 
proper distension of the cavity being viewed. Typical endoscopes operate at flow 
rates of more that 500 ml per minute. Typically, fluid irrigant bags range from 1 to 3 
liters and collection canisters are not larger than 3 liters. Therefore, every few 
minutes, the circulating nurse must change a collection canister which involves 
becoming contaminated with bloody fluid. The nurse must then rapidly change 
gloves so that an irrigation bag may be changed. 

Under this scenario, the nurse is continuously occupied with fluid 
management and is required to lift heavy irrigation bags overhead and stoop to 
change heavy collection canisters. In addition, the nurse has to constantly be aware 
of the fluid deficit status in order to keep the physician apprised of any excessive 
(e.g., more than 1.5 liters) fluid absorption by the patient. 

SUMMARY OF THE INVENTION 
The present invention provides highly accurate methods and systems of 
measuring fluid retention of a patient. According to the present invention, the fluid 
retention or lose of a patient is determined by weighing fluid introduced into the 
patient to produce a fluid-in amount, weighing fluid collected from the patient to 
produce a fluid-out amount, and calculating a difference between the fluid-in amount 
and the fluid-out amount with the difference representing the fluid retention or loss of 
the patient. Additionally, the fluid amounts may be volumes calculated by dividing the 
weight of fluid by I the specific gravity of the fluid input by an operator. 

An embodiment of the present invention provides a method for 
measuring fluid retention or loss of a patient comprising the steps of: storing fluid in 
an inflow container such that the inflow container supplies fluid introduced into the 
patient; weighing fluid in the inflow container to produce a fluid-in amount; storing 
fluid in an outflow container such that the outflow container receives fluid collected 
from the patient; weighing fluid in the outflow container to produce a fluid-out 
amount; automatically detecting if an inflow or outflow container is replaced; and 
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calculating a difference between the fluid-in amount and tine fluid-out amount, the 
difference representing the fluid retention or lose of the patient. The user may be 
signaled by audio and/or visual signals when a container is removed and the 
container has been replaced. 

Another aspect of the present invention provides a system for fluid 
management of a patient that reduces the amount of time required to tend to the 
inflow and outflow containers. The fluid management system comprises an inflow 
container for storing fluid introduced into the patient; a pump coupled to the inflow 
container for assisting fluid from the inflow container into the patient; and an outflow 
container for storing fluid collected from the patient. The pump may pump fluid 
directly into the patient or into an irrigant bag where the fluid flows into the patient 
with the force of gravity. 

other features and advantages of the present invention will become 
readily apparent upon a perusal of the following description and the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a system of fluid retention management according to the 
present invention; 

Fig. 2 is a block diagram of a fluid management device; 

Fig. 3A shows a load cell and Fig. 3B shows a strain gage bridge, both 
of which may be utilized in a scale, and Fig. 30 shows a dual bending beam load 
cell; 

Fig. 4 shows circuity of a scale; 

Fig. 5 shows the inputs and outputs of the fluid management device; 
Fig. 6 shows the display panel associated with the fluid monitor; 
Fig. 7 is a state diagram of the software of the fluid monitor; 
Fig. 8 is a high level flowchart of the process of detemiining the fluid 
deficit of the patient; 

Fig. 9 shows another system of fluid retention management; and 
Fig. 10 shows another system of fluid retention management. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention provides highly accurate methods and systems 
for fluid retention management which utilize the weight of the fluid introduced into the 
patient and the weight of the fluid collected from the patient to calculate the total fluid 
retention. Although the embodiment described in the following paragraphs 
determines the fluid retention of the patient, the present invention may also be 
utilized to determine the fluid loss. Therefore, the description of the embodiment is 
illustrative and not limiting. 

Fig. 1 shows a fluid retention management system according to the 
present invention. A fluid retention management system 10 includes irrigant bags 12 
which retain the Irriqant fluid before it is introduced into a patient's body. The irrigant 
fluid flows into the patient from the irrigant bags through a tube 14. As shown, the 
irrigant bags are typically suspended higher than the patient so that the force of 
gravity will aid irrigant fluid flow into the patient. Although two irrigant bags are 
shown, any number of irrigant bags may be utilized with the present invention. 

The irrigant fluid flows out of the patient through a tube 16 and enters 
collection canisters 18. As shown, the collection canisters may be suspended lower 
than the patient so that the force of gravity draws the irrigant fluid into the canisters. 
Additionally, canisters 18 include fittings 20 which allow a suction device (not 
shown) to be attached to the canisters to increase fluid flowing out of the patient. 
The canisters may be connected in series and/or parallel to provide a large effective 
collection volume. Although two canisters are shown, any number of canisters may 
be utilized with the present invention. 

In the description that follows, it will be assumed that irrigant fluid that 
leaves the irrigant bags enter the patient's body. Thus, the amount of irrigant fluid 
introduced into the patient's body is calculated from the change in weight of the 
irrigant bags. Similarly, it will be assumed that irrigant fluid flowing out of the patient 
enters the collection canisters and therefore, the amount of irrigant fluid collected 
from the patient is utilized to calculate the fluid retention of the patient. In general, 
these assumptions are true; however, there may be instances where some irrigant 
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fluid is spilled so it may be advisable for the physician to interpret the readings of 
the fluid monitor and make any needed corrections. 

The irrigant bags are suspended from scales 22 which weigh the 
corresponding /rrigant bags. Typically, the scales are suspended from an IV pole 
(not shown). Scales 22 are electrically connected to a fluid monitor 24 which 
measures the changes in weight of the corresponding irrigant bags from the weight 
indicated by the scales. 

Collection canisters 18 are suspended from scales 26 which weigh the 
corresponding canisters. Scales 26 are electrically connected to fluid monitor 24 
which measures the changes in weight of the corresponding collection canisters 
from the weight indicated by the scales. As is described in more detail below, the 
fluid monitor utilizes the changes in weights of the irrigant bags and collection 
canisters to determine the fluid retention of the patient. The fluid monitor displays 
the fluid-in amount, fluid-out amount, and fluid deficit (reflecting fluid retention) on a 
display and warns an operator if the fluid deficit crosses a threshold. 

Fig. 2 shows a block diagram of the fluid retention management device. 
Each scale 22 and 26 includes a load cell 50, analog circuit 52 and analog-to-digital 
(A-D) converter 54. A scale is a device that measures the weight of an object As 
shown, the scales of a preferred embodiment include load call 50 which is a 
mechanical weight sensor. The load calls continuously weigh the irrigant bags and 
collection canisters to produce varying electrical resistances. The varying electrical 
resistance from each load call vary according to changes in weight of the irrigant bag 
or collection canister, respectively. 

Analog circuit 52 receives the varying electrical resistance and performs 
signal processing to produce an analog electrical signal which is converted to a 
digital electrical signal by A-D converter 54. The digital signals or counts from the 
scales represents the weight of the corresponding bag/canister and any associated 
fluid therein. These digital signals are input to fluid monitor 24. 

In one embodiment, analog circuit 52 includes an extremely high input 
impedance (low drift, low noise) differential instrumentation amplifier with precision 
for gain adjustment and an inverting voltage follower with offset adjustment (scale 
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zeroing). The analog voltage is adjusted to fall within ±2 volts corresponding to 
weight on the load cell fronn 0 to 10,000 grams. A-D converter 54 is a dual-slope 
integrating A-D converter that subsequently transforms the analog voltage into a 
digital count between -20,000 and +20,000 with one count corresponding to 0.25 
grams with less than ±1 count of noise. The output of the A-D converter is a binary 
coded decimal count ranging from 0 to 20,000 and a sign bit which are then input to 
digital circuit 60 of the fluid monitor. 

The digital circuit subsequently adds +20,000 to the binary coded 
decimal count from the A-D converter producing a 16 bit digital integer between 0 
and 40,000. This number is then rounded to the nearest 4 counts and divided by 4 
resulting in a very stable digital value corresponding to grams. This gram-precision 
value is used for certain decisions by the digital circuit before it is rounded to the 
nearest 1 0 cubic centimeters or ccs for display and logging. 

In a preferred embodiment, the A-D converter generates a pulse width 
and a sign that correspond to the measured weight (e.g., Harris ICL7135). The A-D 
converter generates a pulse width that is measured utilizing a SOOKHz clock in the 
fluid monitor. The pulse width is converted to counts (indicative of the duration of the 
pulse width), where each count is equal to 0.5 grams. The counts are then 
converted to a binary integer between 1 000 and 40,000. All calculations are 
maintained at their full 0.5 gram resolution until displayed. It is anticipated that the 
total weight indicated by the A-D converted will be 1 1 ,000 grams or more. 

The fluid monitor weighs the fluid introduced into the patient by 
determining the change in weight of the irrigant bags. This change in weight is used 
to produce a fluid-in amount representing the fluid introduced into the patient. 
Likewise, the fluid monitor weighs the fluid collected from the patient by determining 
the change in weight of the collection canisters. This change in weight is used to 
produce a fluid-out amount representing the fluid collected from the patient. In a 
preferred embodiment, the fluid-in and fluid-out amounts are volumes but they may 
alternatively be other quantities including weight. 

Fluid monitor 24 includes a digital circuit 60. The digital circuit controls 
the operation of the fluid monitor and receives power through a power conditioning 
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Circuit 62. The fluid monitor displays the fluid-in, fluid-out and fluid deficit amounts on 
a display 64. If the fluid monitor determines that the fluid deficit has crossed a 
threshold or is otherwise serious, the fluid monitor activates a visual alarm 66 and 
an audible alarm 68. The fluid monitor also maintains status indicators 70 that 
indicate the status of the device and receives input from a user through keys 72. In 
order to communicate with a computer (e.g., uploading data), the fluid monitor 
includes a serial connection 74. 

Fig. 3A shows a load cell that may be utilized in a scale of the present 
invention. Load cell 50 includes a fixed end 100 and a weighted end 102. The fixed 
end is secured to a stationary support whereas the weighted end supports a weight 
104. The weight may be an irrlgant bag or collection canister. 

Joining the fixed and weighted ends is a bendable beam 106. The 
bendable beam bends in response to the weight attached to weighted end 102. A 
strain gage 108 is attached to the bendable beam. The strain gage is a small piezo- 
resistive element that changes resistance proportionally to the bending of bendable 
beam 106. As the bendable beam bends in response to weight 104, the strain gage 
changes resistance according to the weight supported by the load cell. 

Fig. 38 shows a strain gage bridge for use in a scale. In a preferred 
embodiment, four strain gages are configured into a strain gage bridge. A strain 
gage bridge 120 is a Wheatstone bridge with two reference strain gages and two 
active strain gages. The reference strain gages do not change resistance with 
bending of the bendable beam, but act to compensate for temperature changes 
which also affect resistance in the piezo-resistive element. Although the active strain 
gages change resistance with bending of the bendable beam, the resistance 
changes of the active strain gages are in opposite directions (i.e., when resistance is 
increasing in one, it is decreasing in the other, and vice versa). 

An excitation voltage of approximately 10 volts DC is applied to strain 
gage bridge 120 at points C and D. A resulting voltage between points A and B is 
proportional to change in resistance of the active strain gages. This resulting voltage 
is applied to a high input impedance analog amplifier and ultimately is converted to 
a digital count proportional to weight on the load call. . 
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Fig. 3C shows a dual bending beam load cell of utilized with a preferred 
embodiment of the invention. Load cell 50 is an aluminum block that includes two 
strain gages 128 located at bending beam sections of the load cell. The load call 
may be rigidly mounted utilizing a base 130 so that when an irrigant bag or 
collection canister is placed on a hook 132, the dual bendable beams bend in 
response to the weight which is detected by the strain gages. 

Fig. 4 shows circuity of a scale including strain gage bridge 120, analog 
circuit 52 and A-D converter 54. The analog circuit includes a high input impedance 
low noise, low drift differential instrument amplifier 150 and an inverting voltage 
follower 152. The instrument amplifier is constructed from 3 operational amplifiers 
AIA, AIB and A1C. Amplifiers AIA and AIB are high input impedance, extremely low 
drift chopper stabilized integrated operational amplifiers. When they are configured 
as in Fig. 4, they exhibit over 1 gigaohm differential input impedance at their 
noninverting (+) inputs. This is beneficial in limiting the loading on the strain gage 
bridge so that its sensitivity and linearity are maintained. The gain for the analog 
circuit is adjusted via Ri and is approximately 100. operational amplifier AlC converts 
the differential signal to a single ended signal with respect to analog ground which is 
fed to amplifier A2. 

Voltage follower 152 includes operational amplifier A2 which is a unit 
gain inverting voltage follower permitting the zero or bias of the analog circuit to be 
adjusted noninteractively. The output of operational amplifier A2 ranges from -2V to 
+2V with -2V corresponding to no (or zero) weight on the load call and is fed directly 
to A-D converter 54. The precision, low drift, 10 volt supply is used to regulate the 
strain gage bridge excitation voltage, zero adjustment voltage and the reference 
voltage for the A-D converter. In this manner, changes in the 10 volt power supply 
are compensated. 

A-D converter 54 is a dual-slope integrating A-D converter. The A-D 
converter generates 10,000 digital counts per volt of analog input. Thus, 0 to 10,000 
grams (approximately 0 to 10,000 ccs of water) will generate -20,000 to +20,000 
counts of output when the gain and zero adjustments are set correctly. The A-D 
converter first integrates the analog signal over a fixed period of time. In one 
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embodiment, the time period is 1/30 of a second so that the 60Hz power line noise 
is averaged out. The A-D converter then integrates the reference voltage while 
counting at SOOKHz until the integrated reference voltage equals the integrated 
analog signal at which time the final count becomes available for output. A sign bit is 
5 also output so an effective 40,000 count output range is available. 

In this embodiment, one count corresponds to 0.25 grams. The counting 
clock and control signals are sent to the A-D converter from digital circuit 60. The 
output count is sent to the digital circuit as a sequence of binary coded decimal 
digits. Preferably, the high input impedance of the differential amplifiers is maintained 
10 and analog and digital grounds are isolated. Additionally, all passive components are 
preferably high precision with low temperature coefficients. In a preferred 
embodiment, one count corresponds to 0.5 grams and this resolution is maintained 
S until displayed. 

Jfl Fig. 5 shows the inputs and outputs of the fluid management device. 

%A I- 

ni 15 Scales 22 and 26 receive clock and control signals from fluid monitor 24. The scales 
15 provide weight counts to an input selector 1 70 of digital circuit 60. The digital circuit 
^ utilizes the input selector to read the digital weight counts from the scales one.at a 
13 time. The digital circuit also includes a microprocessor 172 and clocks 174. 
il Microprocessor 172 includes memory 176 for storing the program and associated 
5 2 0 data for the microprocessor during operation. The operating program of the fluid 
U monitor is stored in programmable read-only memory (PROM) 178 which runs upon 

power-up. Logged data and specific gravities are stored in battery backed 

random-access memory (RAM) 180. 

An A-D converter 182 is integrated with the microprocessor to 
25 periodically check certain circuit and battery voltages as part of continuous 

diagnostics. The microprocessor includes controllers to interface with display 64, 

visual alarm 66, audible alarm 68, status indicators 70, keys 72, and serial 

connection 74. 

The fluid monitor may powered from an isolated 15 volt DC power 
3 0 supply 184. A large internal lead-acid battery 186 is used during extemal power 
failures. The power from power supply 184 or battery 186 is conditioned by power 
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conditioning circuit 62. In a preferred embodiment, the system is powered by a +15, 
-15 and +5 volt modular supply which does not require the use of a lead-acid 
battery. 

Fig. 6 shows the display panel of the fluid monitor. Display panel 200 
includes a fluid-in readout 202, a fluid-out readout 204, and a fluid deficit readout 
206 (all three being display 64). The fluid monitor continuously monitors the weight 
of fluid flowing into and out of a patient. The fluid monitor converts the weights into 
the volume of fluid utilizing the fluid's specific gravity. The fluid-in volume is 
displayed on readout 202 and the fluid-out volume is displayed on readout 204. The 
fluid monitor calculates the fluid deficit by subtracting the fluid-out volume from the 
fluid-in volume so that the fluid deficit volume is equal to the fluid retention of the 
patient. In a preferred embodiment, the fluid volumes are displayed in units liters 
with a precision of 0.01 liter (or 10 ccs). 

Display panel 200 also includes keys for user input. The display 
includes a RECORD/STANDBY key 208, a SILENCE ALARM key 210, a SETUP 
key 210, and a RESET key 212. Additionally, the display panel includes up and 
down arrow keys 214. The display panel has a standby light 216 and alarm lights 
218. The display panel has a battery power light 220 that illuminates when the 
battery is low, a fluid type select light 222 that illuminates when the user is inputting 
the fluid type of the irrigation fluid and a alarm threshold set light 224 that illuminates 
when the user is inputting the fluid deficit alarm threshold. The lights are typically 
LEDs. 

In a preferred embodiment, the display panel has a change light 226. 
The change lights indicate when one of the scales is unstable or in the process of 
establishing stability during a fluid container change. The change lights may be 
accompanied by an audible sound. Thus, for example, when an operator removes a 
collection canister to empty the fluid, fluid monitor detects that the weight of the 
collection canister has quickly gone to zero (or that the weight is unstable as a result 
of being removed). The fluid monitor issues visual and audible signals to the 
operator to indicate that an unstable condition has been detected. Once the 
operator replaces the empty collection canister on the scale, the fluid monitor 
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detects a stable condition and issues visual and audible signals to the operator to 
indicate a stable condition has been detected and that the fluid container change is 
complete. The fluid monitor also resets the baseline weight of the replaced fluid 
container. 

By automatically detecting when a fluid container is replaced (e.g., with 
a full container or an empty container), the present invention allows an operator 
great freedom in monitoring the fluid loss or retention of the patient. The operator is 
not required to remember a complicated procedure for replacing a fluid container. 
Instead, the operator changes the fluid container and the fluid monitor automatically 
detects the change and resets the baseline weight without requiring operator input. 

Fig. 7 is a state diagram of the software that directs the operation of the 
fluid monitor. In general, the fluid monitor is in one of two modes: record mode and 
standby mode. In record mode, fluid is flowing and measurements are being taken, 
recorded and logged. In standby mode, no fluid is flowing, logging has stopped and 
the display reflects the current values for the data. Recorded data can also be 
uploaded in standby mode. In a preferred embodiment, the running software 
program is in one and only one mode (record mode or standby mode) at any instant 
in time. 

The software program of the present invention is event and state driven 
which means the fluid monitor will respond to events and the action taken in 
response to those events will be determined by the current state of the system. 
Once the power is turned on, the program enters standby mode and the fluid 
monitor is in state 0. In state 0 the system performs initialization including reading 
configuration data from memory. The configuration data may include a system ID, 
number of possible fluid types and specific gravity for each type of fluid. During 
initialization, the system determines if previous data has been logged into memory. 
If the previous logged data is still present, values for the fluid type, the fluid deficit 
alarm threshold, and values for the fluid-in, fluid-out and fluid deficit are read in from 
memory. The values are displayed on the display as appropriate and standby light 
116 flashes to indicate previous data is present. If previous data is found, the 
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system proceeds to state 1 . Otherwise, if no previous data is found, the system 
proceeds to state 3. 

In state 1, the system retains previous data and a reset is required. In 
order to reset the system the user depresses the RESET key for more than two 
seconds and the system proceeds to state 2. The user may also initiate uploading 
of previous data while in state 1 by connecting a cable from a suitable computer and 
running a utility program in the computer. This is done prior to pressing the RESET 
key. 

Once the user has initiated a reset of the system, the system clears the 
log of previous data including the baseline weights and current weights for the fluids 
at state 2. The baseline weights are the initial weights of the irrigant bags or 
collection canisters. Thus, the baseline weights are typically the weight of the full 
irrigant bags and empty collection canisters. Upon reset, the most recently selected 
values for the fluid type, and associated specific gravity, and fluid deficit alarm 
threshold are not cleared but are retained. After resetting, the system proceeds to 
state 3. 

The system may arrive in state 3 from a number of other states. If the 
system proceeded to state 3 from state 0, state 2 or state 4, the system is in 
standby mode. In standby mode, the operator Is able to select the fluid type and the 
fluid deficit alarm threshold. Initially, the operator selects the fluid type utilizing up 
and down arrows 1 14 to select a number which corresponds to a specific fluid. As 
the system is in standby mode, the readouts on the display are clear except for 
fluid-out readout 102 which displays the number of the currently selected fluid type. 
In a preferred embodiment, the fluids and their associated fluid type selection 
numbers are printed on the back of the fluid monitor. 

After the fluid type is selected in the standby mode, the operator presses 
the SETUP key and enters the fluid deficit alarm threshold. The cun-ently selected 
fluid deficit alarm threshold is displayed in fluid deficit readout 104 and the operator 
is able to increase or decrease the alarm threshold utilizing up and down arrows 1 14. 
The fluid deficit alarm threshold is in units of 0.01 liters and establishes the value of 
the difference between the fluid-in amount and fluid-out amount, above which the 
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alarm will activate. Once tlie fluid deficit alarm threshold is selected, the operator 
presses the SETUP key and the system proceeds to state 4. 

If the system arrives in state 3 in recording mode from state 6, the 
operator is only able to select the fluid deficit alarm threshold. The current fluid deficit 
alarm threshold is displayed in fluid deficit readout 104. The operator adjusts the 
alarm threshold utilizing up and down arrows 1 14. Once the new fluid deficit alarm 
threshold is selected, the operator presses the SETUP key and the system returns to 
state 6. 

In state 4, the system is standing by and only background monitoring 
takes place. Background monitoring may include checking the battery to insure that 
sufficient power in available. In this state, the system proceeds to state 2 if the 
operator presses the RESET key for more than two seconds. If the operator presses 
the SETUP key, the system proceeds to state 3. The operator may also power down 
the fluid monitor by depressing the power switch on the fluid monitor (not shown). 

If the system is in state 4 and the operator presses the 
RECORD/STANDBY key, the system proceeds to state 5 where the system prepares 
to record and display data. The system captures all the cun-ent weights of the irrigant 
bags and collection canisters. If the system has yet to record any data then these 
weights will be used as baseline starting values. Also, if this is the start of a new 
procedure, the system begins logging data including the system ID, the fluid type and 
the fluid deficit alarm threshold. Otherwise, if the system is in the middle of recording 
data, the current weights are used to calculate the fluid-in volume, the fluid-out 
volume and the fluid deficit volume. The system then proceeds to state 6 and records 
data. 

The user may also initiate uploading of previous data while in state 4 by 
connecting a cable from a suitable computer and running a utility program in the 
computer. This is done prior to pressing the RECORD/STANDBY key. 

In state 6, the system is event driven and will respond to events 
including a timer and key input. Thus, the system is in record mode. The operation of 
the system during a timer event will be described in more detail in reference to Fig. 8. 
If the SETUP key is pressed during recording, the system proceeds to state 3 and if 
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the RECORD/STANDBY key is pressed, the system proceeds to state 7. An audible 
and visual alarm Is activated If the system detects that the fluid deficit volume has 
exceeded the alarm threshold. The visual alarm Includes flashing alarm lights 118. If 
the operator presses the SILENCE ALARM key, the system will tum off the audible 
alarm for two minutes. But after that time the audible alarm will sound again if the 
alarm condition still exists. The visual alarms are not affected by the SILENCE 
ALARM key. 

In state 7, the system completes recording and saves data to the log. 

The system remains in record mode. If an alarm condition currently exists, the 

system continues to convey the alarm warnings. The system then proceeds to state 

4 and enters standby mode. 

Fig. 8 is a high level flowchart of the process of determining the fluid 

level deficit. Although the timer may expire more often than every second, in a 

preferred embodiment the system records and displays data once each second. 

However, in other embodiments the rate at which the data is sampled and/or 

displayed may vary. 

At step 250, the system determines the change of weight for each 
irriqant bag. The current weight for each bag is determined by scales 22. The 
system determines the change of weight by calculating the difference between the 
baseline weight and the current weight of each irriqant bag where the baseline 
weight is the weight of the irrigant bag before fluid flowed from the bag into the 
patient. The system then sums the change in weights for all of the irriqant bags at 
stop 252. The total change in weight of the irriqant bags is assumed to be 
equivalent to the weight of fluid entering the patient. 

Once the system determines the total change in weight (i.e., fluid-in 
weight) for all the irriqant bags, the system calculates at step 254 the fluid-in volume 
by dividing the total weight by the specific gravity of the fluid which has been 
selected by the operator. When an Irrigant bag is empty, an operator may press a 
"bag change" button which informs the fluid monitor that a now bag will be added 
and thus a new baseline weight should be calculated. In a preferred embodiment, 
the system automatically detects when an irrigant bag is changed. The bag's curent 
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weight first typically goes to zero as the bag is removed and then increases as a 
new bag is placed on the scale. 

When the system automatically detects the changing of an irrigant bad, 
the system may signal the user with visual and/or audible cuss that the fluid monitor 
has detected that a bag has first been removed and then replaced. Once an imgant 
bag has been replaced, the system then calculates a new baseline weight for the 
new irrigant bag. 

At step 256, the system detennines the change of weight for each 
collection canister. The current weight for each canister is detemnined by scales 26. 
The system determines the change of weight by calculating the difference between 
the baseline weight and the current weight of each canister where the baseline 
weight is the weight of the canister before fluid flowed out from the patient. The 
system then sums the change in weights for all of the canisters at step 258. The 
total change in weight of the canisters is equivalent to the weight of fluid exiting the 
patient. Once the system determines the total change in weight (i.e., fluid-out 
weight) for all the canisters, the system calculates at step 160 the fluid-out volume 
by dividing the total weight by the specific gravity of the fluid which has been 
selected by the operator. 

In a preferred embodiment, the system automatically detects when a 
collection canister is replaced as discussed above. Once the system detects that a 
collection canister has been replaced, the system calculates a new baseline weight 
for the now canister. Although the system may automatically detect the replacement 
(including refilling or emptying) of both irrigant bags and collection canisters, the 
system may also only detect the replacement of one type of fluid container 
depending on the specific embodiment. 

Although the system is described as utilizing the same specific gravity 
for the fluid introduced into and collected from the patient, in other embodiments, a 
different specific gravity may be entered if these values differ. Thus, the present 
invention is not limited to a single specific gravity. 

The system then calculates the total fluid deficit at stop 262. The total 
fluid deficit is calculated by subtracting the fluid-out volume from the fluid-in volume. 
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Thus, the fluid deficit represents the fluid retention of the patient. In a preferred 
embodiment the fluid deficit is set to zero if the result is a negative value (meaning 
fluid loss). 

At step 164 the system determines if the fluid deficit is greater than the 
fluid deficit alarm threshold. If the fluid deficit is greater than or equal to the alarm 
threshold, the system sets the audible and visual alarms to alert the operator that a 
fluid retention condition exists. The system then displays the fluid-in volume, 
fluid-out volume and fluid deficit on the appropriate readouts of display panel 200. 

Data that has been logged into memory may be uploaded to a personal 
computer through a serial connection 74. After the data is uploaded to the personal 
computer, a flag is set in system memory of the fluid monitor to show that the log 
has been uploaded since the last recording. Data is retained in the fluid monitor until 
cleared by a system reset utilizing the RESET key. 

The present invention also provides a system for fluid management of a 
patient that reduces the amount of time required to tend to the irrigation bags and 
collection canisters. The continuous need to lift heavy irrigant bags and change 
heavy collection canisters is reduced or eliminated. This gives the operator more 
time to pay attention to the patient's fluid status. In a preferred embodiment, the 
system utilizes the fluid monitor described above which continuously displays the 
fluid-in amount, fluid-out amount and fluid deficit calculated from the weight of the 
respective fluids. 

Fig. 9 shows a system of fluid retention management that reduces the 
frequency with which the inflow and outflow containers must be changed. A fluid 
retention management system 300 includes a stand 302 which supports fluid 
monitor 24 and scales 22 and 26. The stand may also be a waist high equipment 
cart. An irrigant canister 304 is suspended from scale 22. The irrigant canister 
retains the irrigant fluid before it is introduced into the patient's body. As shown, the 
irrigant canister may be large (e.g., 20 liters) so that the irrigant canister does not 
have to be changed or refilled often. 

A delivery pump 306 pumps the irrigant fluid from the irrigant canister 
directly into the patient. The pump preferably has appropriate flow capability and 
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safety features to prevent unsafe pressure (e.g., intra-uterine pressure). In one 
embodiment, the pump is a centrifugal pump with maximum capability of 1 10 mm Hg 
and back-up alarm sensor. This allows an operator to set the desired delivery 
pressure and be notified If the delivery pressure reaches an undesirable level. 

The irrigant fluid flows from pump 306 into the patient through a tube 
308. The irrigant fluid flows out of the patient through a tube 31 0 and enters a 
collection canister 312. The collection canister is suspended from scale 26 and is 
preferably large so that the collection canister does not have to be changed or 
emptied often. The collection canister may also have a fitting 314 which allow a 
suction device (not shown) to be attached to increase fluid flow out of the patient. 

In one embodiment, the collection canister is a large collapsible 
vacuum canister (e.g., 20 liters). Disposable containers fit inside a rigid shell to 
which vacuum is applied. The rigid shell may also contain graduations visible from 
the outside to allow the operator to visually estimate the amount of fluid recovered. 

If the collection canister or canisters provide a high enough volume of 
collection fluid, high-volume procedures may be completed without requiring the 
operator to change a collection canister, thereby contaminating the operator's hands 
with bloody fluid. Thus, although one large irrigant canister and one large collection 
canister are shown, the fluid volume may also be increased by increasing the 
number of canisters. In one embodiment, the irrigant and collection canisters are 
sized and numbered so that the canisters will not have to be attended to during an 
operation. 

Fig. 10 shows another system of fluid retention management that 
reduces the frequency with which the inflow and outflow containers must be 
changed. A fluid retention management system 400 includes an IV pole 402 which 
supports fluid monitor 24 and scales 22 and 26. An irrigant canister 404 is 
suspended from scale 22. The irrigant canister retains the irrigant fluid before it is 
introduced into the patient's body. As shown, the irrigant canister may be large (e.g., 
20 liters) so that the irrigant canister does not have to be changed or refilled often. 

A delivery pump 406 pumps the irrigant fluid from the irrigant canister 
into an irrigant bag 408. The pump may be a centrifugal pump with a modest (and 
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predetermined) pressure capability, togetfier with a carefully calibrated check valve, 
to keep relatively small irrigant bag 408 (e.g., 250 cc) on the IV pole filled with a 
constant volume of fluid. Irrigant fluid flows out of the irrigant bag into the patient 
through a tube 410. The force of gravity will force the fluid into the patient. 

The irrigant fluid flows out of the patient through a tube 412 and enters a 
collection canister 414. The collection canister is suspended from scale 26 and is 
preferably large (e.g., 20 liters) so that the collection canister does not have to be 
changed or emptied often. The collection canister may also have a fitting 416 which 
allow a suction device (not shown) to be attached to increase fluid flow out of the 
patient. 

While the above is a complete description of the preferred embodiments 
of the invention, various alternatives, modifications and equivalents may be used. It 
should be evident that the present invention is equally applicable by making 
appropriate modifications to the embodiments described above. For example, the 
weighing devices in a preferred embodiment are scales including load cells but other 
weighing devices may be utilized (e.g., compression scales). Therefore, the above 
description should not be taken as limiting the scope of the invention which is defined 
by the metes and bounds of the appended claims. 
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